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(54) Audio reproducing apparatus 

(57) An audio reproducing apparatus is utilized in 
noisy environment of which noise level greatly varies. 
The apparatus includes first and second microphones 
placed respectively inside and outside a speaker box. 
Outputs of respective microphones are filtered, and then 



added with each other so that signals proportional to 
outside noise can be extracted. A gain of variable gain 
circuit can be changed with these extracted signals, 
whereby sound easy to follow even in noisy circum- 
stances can be reproduced. 
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Summary of the Invention 



Field of the Invention 

[0001] The present invention relates to an audio re- 
producing apparatus that can excellently reproduce sig- 
nals even at a noisy place such as a factory and trans- 
portation means including cars and trains. 

Background of the Invention 

[0002] There are a lot of opportunities to reproduce 
audio signals at a noisy place, where a noise level is 
high and varies, such as a factory, transportation means 
including cars and trains. 

[0003] Fig. 6 is a block diagram illustrating a conven- 
tional audio reproducing apparatus that is utilized in 
noisy environment. In Fig. 6, an audio signal received 
at input terminal 1 travels through variable gain circuit 2 
and is amplified by power amplifier 3. An output signal 
tapped off from amplifier 3 is fed into speaker unit 5 dis- 
posed in speaker box 4, thereby reproducing the signal 
into audio form. 

[0004] Microphone 6 disposed around speaker unit 5 
collects the sum of the signals which speaker unit 5 ra- 
diates and noises around speaker box 4. An output sig- 
nal supplied from microphone 6 together with the output 
signal from amplifier 3 are fed into subtractor 7. 
[0005] Subtactor 7 subtracts an input signal compo- 
nent from the sum of the signal radiated from speaker 
unit 5 and the noises around speaker box 4 so that an 
output signal proportional to the surrounding noise is ex- 
tracted. The output signal supplied from subtractor 7 
runs through low pass filter 8 where a frequency band 
of the signal is limited, and then runs through rectifier 9 
where the output signal is converted into direct current 
(dc), then is fed into variable gain circuit 2. 
[0006] Because variable gain circuit 2 is automatically 
controlled its amplifying rate by the output signal sup- 
plied from subtractor 7, speaker unit 5 can radiate sig- 
nals free from being cancelled by the surrounding noise, 
i.e. free from being masked. As already discussed, the 
output signal supplied from subtractor 7 varies propor- 
tionally to the surrounding noise, which contributes to 
this automatic controlling. 

[0007] However, in the conventional audio reproduc- 
ing apparatus utilized in the noisy environment, differ- 
ences exist between the audio signals supplied from 
speaker unit 5 and the output signals supplied from am- 
plifier 3 so that subtracter 7 cannot completely remove 
the radiated signal from speaker unit 5. Therefore, it is 
difficult to extract only the noises around speaker box 4, 
and a user is thus obliged to control variable gain circuit 
2 within a narrowly limited frequency band. The conven- 
tional audio reproducing apparatus utilized in noisy en- 
vironment thus has not been provided with a sufficient 
masking correction. 



[0008] The present invention addresses the problem 
discussed above and aims to provide an audio repro- 

s ducing apparatus that can provide a more faithful mask- 
ing correction by (a) removing sufficiently the radiated 
signals supplied from speaker unit 5 and (b) varying the 
gain responding to the surrounding noise. 
[0009] The audio reproducing apparatus of the 

10 present invention comprises the following element: 

(a) a power amplifier; 

(b) a speaker box including a speaker unit which 
reproduces output signals from the power amplifier; 

'5 (c) a first microphone disposed outside the speaker 
box; 

(d) a second microphone disposed inside the 
speaker box; 

(e) a low pass filter (LPF) coupled to the first micro- 
20 phone; 

(f) a high pass filter (HPF) coupled to the second 
microphone; 

(g) an adder for adding an output from the LPF and 
an output from the HPF; 

25 (h) an ac/dc converter for converting an ac output 
signal to a dc output signal; and 
(i) a variable gain circuit disposed at an input side 
of the power amplifier, and an output signal of the 
circuit being varied responsive to a level of the dc 

30 output signal supplied from the ac/dc converter. 

[0010] A gain of the variable gain circuit is changed 
by the output signal of the adder so that the better mask- 
ing correction responsive more faithfully to the sur- 
55 rounding noise can be achieved. 

Brief Description of the Drawings 

[0011] Fig. 1 is a block diagram illustrating an audio 
40 reproducing apparatus of the present invention. 

[0012] Fig. 2 shows output characteristics of a first mi- 
crophone employed in the audio reproducing apparatus 
of the present invention. 

[001 3] Fig. 3 shows output characteristics of a second 
4S microphone employed in the audio reproducing appara- 
tus of the present invention. 

[0014] Fig. 4 shows output characteristics of a low 
pass filter employed in the audio reproducing apparatus 
of the present invention. 
so [0015] Fig. 5 shows output characteristics of a high 
pass filter employed in the audio reproducing apparatus 
of the present invention. 

[001 6] Fig. 6 is a block diagram of a conventional au- 
dio reproducing apparatus. 

55 

Detailed Description of the Preferred Embodiment 
[0017] A preferred embodiment of the present inven- 
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tion is described hereinafter with reference to the ac- 
companying drawings. 

[001 8] Fig. 1 is a block diagram of an audio reproduc- 
ing apparatus of the present invention. In Fig. 1 , a signal 
received at input terminal 10 is fed into variable gain cir- 
cuit 1 1 , which is controlled by a signal responsive to sur- 
rounding noise. An output signal supplied from variable 
gain circuit 11 is fed into power amplifier 12, which out- 
puts a signal to speaker unit 1 4 disposed in speaker box 
13. 

[001 9] First microphone 1 5 disposed in front of speak- 
er unit 14 collects sum of audio signals radiated from 
speaker unit 1 4 and the surrounding noise. Further, sec- 
ond microphone 16 is disposed behind speaker unit 14 
in speaker box 13. Second microphone 16 dedicates it- 
self to collect the audio signals radiated from speaker 
unit 14. 

[0020] Fig. 2 shows transfer frequency of the output 
signal supplied from first microphone 15 with regard to 
the output signal from power amplifier 1 2, and phase 
characteristics of the frequency. As Fig. 2 tells, a level 
of the signal radiated from speaker unit 1 4 shows a char- 
acteristic similar to that of a quadratic high pass filter 
(HPF). Fig. 3 shows transfer frequency of the output sig- 
nal supplied from second microphone 16 disposed in 
speaker box 13 with regard to the output signal from 
power amplifier 1 2, and phase characteristics of the fre- 
quency. As Fig. 3 tells a level of the signal radiated from 
speaker unit 14 shows a characteristic similar to that of 
a quadratic low pass filter (LPF). 
[0021 ] As such, each output signal supplied from first 
and second microphones 1 5 and 1 6 is similar to respec- 
tive signals passed through HPF and LPF which have 
the minimum resonant frequency (f 0 ) of the speaker unit 
in common. 

[0022] Then, prepare quadratic HPF 17 and quadratic 
LPF 18 of which cut-off frequencies are adjusted to the 
minimum resonant frequency (f 0 ) of speaker unit 14. 
Couple an output of first microphone 15 with quadratic 
LPF 18, and couple an output of second microphone 16 
with quadratic HPF 17. 

[0023] As a result, an output frequency and a phase 
characteristic of the output signal of first microphone 15 
passed through quadratic LPF 18 have almost the same 
band pass characteristics as those of second micro- 
phone 16 passed through quadratic HPF 17. These sit- 
uations are illustrated in Fig. 4 and Fig. 5. 
[0024] Respective first and second microphones 15 
and 16 are disposed at front and rear with regard to 
speaker unit 14. The signal phases supplied from both 
the microphones form reverse phases with each other. 
[0025] When adder 1 9 adds an output signal from fil- 
ter 18 to an output signal from filter 17, the signal com- 
ponent radiated from speaker unit 1 4 is removed so that 
only the surrounding noise collected by first microphone 
1 5 can be extracted. 

[0026] An ac signal supplied from adder 1 9 and pro- 
portional to the surrounding noise is converted to a dc 



signal by rectifier 20, and then is applied to variable gain 
circuit 1 1 . Then an amplifying rate of variable gain circuit 
11 varies, which realizes an automatic gain control re- 
sponsive to the noise around the speaker. As a result, 
a better masking correction faithful to the surrounding 
noise can be achieved. 

[0027] In the embodiment discussed above, first and 
second microphones 15 and 16 are disposed outside 
and inside the speaker box 1 3, and reproduction signals 
by the speaker form reverse phases viewed from the 
speaker unit 14. However, the reproduction signals by 
the speaker viewed from speaker unit 14 do not neces- 
sarily form a precise reverse phase. In this case, elec- 
trically-reverse-phase-relation can be established by a 
circuit structure of the quadratic LPF 18 and HPF 17, 
thereby producing the same effect as this embodiment. 
[0028] As described above, according to the present 
invention, two microphones are disposed inside and 
outside the speaker box respectively, and respective 
outputs thereof are filtered so that the signal component 
supplied from the speaker unit can be removed. Only 
the outside noise can be thus collected, and the output 
of the speaker can be varied responsive to the surround- 
ing noise. 

[0029] The embodiment discussed above described 
the apparatus which automatically controls the gain of 
the variable gain circuit; however, the gain is not always 
automatically controlled. For example,the surrounding 
noise level is displayed so that the gain can be manually 
controlled. 



Claims 



35 1. An audio reproducing apparatus comprising: 



(a) a power amplifier; 

(b) a speaker box including a speaker unit 
which reproduces output signals from said 
power amplifier; 

(c) a first microphone disposed outside said 
speaker box; 

(d) a second microphone disposed inside said 
speaker box; 

(e) a low pass filter coupled to said first micro- 
phone; 

(f) a high pass filter coupled to said second mi- 
crophone; 

(g) an adder for adding an output from said low 
pass filter and an output from said second low 
pass filter; 

(h) an ac/dc converter for converting an ac out- 
put signal to a dc output signal; and 

(i) a variable gain circuit disposed at an input 
side of said power amplifier, and an output sig- 
nal of the circuit being varied responsive to a 
level of the dc output signal supplied from said 
ac/dc converter. 



10 



15 



20 



25 



30 



40 



45 



50 



55 



3 



5 EP 0 951 201 A2 6 

2. The audio reproducing apparatus as defined in 
Claim 1 wherein said first microphone is disposed 
in front of the speaker unit, and said second micro- 
phone is disposed behind the speaker unit. 

5 

3. The audio reproducing apparatus as defined in 
Claim 1 wherein said variable gain circuit is auto- 
matically controlled. 

4. The audio reproducing apparatus as defined in 10 
Claim 1 wherein said ac/dc converter is a rectifier. 

5. The audio reproducing apparatus as defined in 
Claim 1 wherein said audio reproducing apparatus 

is utilized in transportation means. is 
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FIG. 6 
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(54) Audio reproducing apparatus 

(57) An audio reproducing apparatus is utilized in 
noisy environment of which noise level greatly varies. 
The apparatus includes first and second microphones 
placed respectively inside and outside a speaker box. 
Outputs of respective microphones are filtered, and then 



added with each other so that signals proportional to 
outside noise can be extracted. A gain of variable gain 
circuit can be changed with these extracted signals, 
whereby sound easy to follow even in noisy circum- 
stances can be reproduced. 
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